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THE CORROSION RESISTANCE OF CERTAIN METALLIC MATERIALS 
FOR ASTRONOMICAL MI RRORS 

Zh. M. Loretsyan 

ABSTRACT. Experimental study of the corrosion resistance 
of the aluminum-magnesium alloy AMg6L with chromium or 
nickel coatings, as well as bronze and 3Kh13 steel used 
in fabricating astronomical mirrors. The metals were 
tested under special laboratory conditions simulating the 
corrosive effects of the ambient atmosphere and certain 
chemical solutions on astronomical mirrors. A chromium- 
film surface is shown to be most suitable as the protect- 
ive coating. 
shown to have poor corrosion resistance. 

The bronze and AMg6L alloy mirrors are 

A cycle of chemical tests was performed to investigate the possibility of 
using mirrors made of an aluminum-magnesium alloy with chromium and nickel 
coatings in the construction of astronomical instruments. Conditions imitating 
the corrosion influence of the ambient atmosphere and of special chemical 
solutions on astronomical mirrors were created artificially in the laboratory. 

The investigation of the corrosion resistance of alloy AMg6L, the chromium 
and nickel coatings on these alloys, and also mirror bronze in comparison with 
steel 3Kh13 which is being used at the present time in the manufacture of the 
720 mm mirror at Pukhovskaya Observatory, were conducted in various media. 
corrosive media used were the following solutions: 

The 

1. A 3% solution of common salt, imitating the influence of wet marine 
air on metallic mirrors. 

2 .  A solution of hydrochloric acid at concentration pH = 2 . 6 ,  imitating 
the influence of the acidity of the air on metallic mirrors. 

3 .  Solutions of NaOH at 10 and 20% concentrations, used to remove the 
aluminum layer which is applied to astronomical mirrors in order to increase 
the reflective capacity. 
polished mirror surface in a vacuum. 
stability and mechanical strength, but with time they grow dull, lose their 
high reflective capacity and are sometimes broken. Therefore, the necessity 
arises of  removing the old aluminum layer for repeated alumination. 
classical method of removing the aluminum layer is to dissolve it in an 
alkaline medium. In order to remove "fresh," i.e. recently applied layers, a 
20% solution is generally used, while Ifold" layers are removed with a 10% 

A very thin layer of pure aluminum is applied to the 
The aluminum layers have very high 
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s o l u t i o n  of a l k a l i .  
concent ra t ions  of  c a u s t i c  soda so lu t ion .  
60 mm i n  diameter ,  11-12  mm t h i c k ,  wi th  the r e f l e c t i n g  s u r f a c e  ground and 
pol i shed  f l a t .  The t e s t  du ra t ion  was 24 hours.  The eva lua t ion  of  t h e  co r ro -  
s i o n  r e s i s t a n c e  o f  t he  mir rors  was performed v i s u a l l y  and, fur thermore,  be fo re  
and a f t e r  t h e  t e s t s  t h e  mir ror  s u r f a c e  was photographed us ing  t h e  "Neofot" 
u n i v e r s a l  Zeiss microscope a t  10 power magnif icat ion.  

On t h e  b a s i s  o f  t h i s ,  tes ts  were performed with two 
The t e s t s  were performed on p a r t s  

The r e s u l t s  o f  t he  tes ts  a r e  shown in  Table 1. 

In o rde r  t o  determine t h e  inf luence  of co r ros ion  on t h e  q u a l i t y  of t h e  
pol i shed  o p t i c a l  su r f ace  of t h e  specimens t e s t e d ,  t h e i r  r e f l e c t i v e  c a p a c i t y  was 
determined be fo re  and a f t e r  t h e  chemical tests.  Determination of  t h e  
r e f l e c t i v e  capac i ty  of t h e  su r faces  was performed us ing  a s p e c i a l  i n s t a l l a t i o n ,  
an o p t i c a l  diagram of  which is  shown on Figure 1. 

The ope ra t ing  p r i n c i p l e  i s  as follows. Monochromatic r a d i a t i o n  from a 
monochromator, a f t e r  pass ing  through quartz  p l a t e  (2) ,  was r e f l e c t e d  from t h e  
s u r f a c e  o f  qua r t z  p l a t e  (3) and s t r u c k  photo element (4) .  The r a d i a n t  energy 
recorded on t h e  photo element was read o f f  on t h e  scale o f  galvanometer (5) .  
I n  o rde r  t o  determine t h e  r e f l e c t i v e  capac i ty  of t h e  s u r f a c e  of t h e  t e s t  
specimen (6) ,  p l a t e  (3)  was r o t a t e d  t o  p o s i t i o n  11, while  p l a t e  (2) was removed 
from t h e  o p t i c a l  system. 
chromator, a f t e r  pass ing  through p l a t e  (3)  and being r e f l e c t e d  from t h e  s u r f a c e  
o f  t h e  specimen (6) and t h e  su r face  of  p l a t e  ( 3 ) ,  s t ruck  photo element (4) .  
Taking t h e  i n d i c a t i o n  of t h e  galvanometer produced i n  t h e  f irst  v a r i a n t  as 100% 
of  t h e  l i g h t  f l u x ,  t h e  reading  taken a f t e r  t h e  specimen had been p laced  i n  t h e  
system, expressed as a pe rcen t ,  determined t h e  r e f l e c t i n g  capac i ty  ( r e f l e c t i o n  
c o e f f i c i e n t  P )  of t h e  specimen sur face .  
l ength  of t h e  pa th  of  both systems, i n  the f i r s t  case p l a t e  (2) ,  i d e n t i c a l  t o  
p l a t e  ( 3 ) ,  was p laced  i n  t h e  monochromator. The r e f l e c t i n g  capac i ty  of  t h e  
s u r f a c e  of t h e  specimens being inves t iga t ed  was determined f o r  t h r e e  l i g h t  
wavelengths:  

After t h i s  was done, t h e  l i g h t  beam from t h e  mono- 
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In  o r d e r  t o  equa l i ze  t h e  o p t i c a l  

The o p t i c a l  system shown on Figure 1 determined only  t h e  approximate va lue  
of t h e  r e f l e c t i o n  c o e f f i c i e n t ,  but t h i s  is q u i t e  s u f f i c i e n t  f o r  comparative 
c h a r a c t e r i z a t i o n  of t h e  cor ros ion  s t a b i l i t y  of  t h e  metal specimens be ing  t e s t e d .  

The va lues  of r e f l e c t i o n  c o e f f i c i e n t  produced a r e  shown on Table  2 .  

The r e s u l t s  of t h e s e  tes ts  showed t h a t  o f  a l l  t h e  materials t e s t e d ,  t h e  - /62 
most h igh ly  co r ros ion  r e s i s t a n t  i s  an e l e c t r o l y t i c  chromium laye r  on an 
aluminum-magnesium base.  However, i f  t he re  a r e  pores  i n  t h e  coa t ing ,  s o l u t i o n s  
of a l k a l i  o r  a c i d ,  pene t r a t ing  through t h e  pores  t o  t h e  AMg6L a l l o y ,  r e a c t  with 
it and t h u s  decrease  t h e  adhesion of t h e  f l i m  t o  t h e  base ,  causing t h e  
chromium t o  be r a i s e d  around t h e  edges of t h e  pores .  The r e f l e c t i n g  capac i ty  
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of t h e  chromed su r face  d i d  no t  change under t h e  in f luence  of  chemical 
s o l u t i o n s .  
co r ros ive  media used?  However, t h e  ac t ion  of d i l u t e  hydrochlor ic  a c i d  causes  /63 
t h e  mi r ro r  s u r f a c e  t o  become d u l l ;  t h e  sur face  does n o t  p o l i s h  up when rubbed 
wi th  a f l a n n e l  c l o t h .  Pores  on t h e  n i cke l  coa t ing ,  when a t tacked  by ac id  o r  
a l k a l i ,  
coa t ing .  The r e f l e c t i n g  capac i ty  o f  t h e  n icke l ized  s u r f a c e  was decreased by 
1.7-1.8 times when an ac id  s o l u t i o n  ac t ed  on t h e  su r face .  The 3Kh13 s tee l  
mi r ro r  i s  co r ros ion  r e s i s t a n t .  However, c e r t a i n  s e c t o r s  of t h e  mi r ro r  had 
cor ros ion  d o t s  r e s u l t i n g  from t h e  presence of s l a g  i n c l u s i o n s  o r  impoverishment 
of t h i s  s e c t o r  i n  chromium. 
remains g e n e r a l l y  unchanged under t h e  inf luence  o f  t h e  s o l u t i o n s  used. 
bronze i s  not  very  s t a b l e  t o  cor ros ion  i n  a l k a l i  and a c i d  s o l u t i o n s ;  t h e  mi r ro r  
su r face  becomes darker  i n  both s o l u t i o n s .  When t h e  a c i d  s o l u t i o n  acts on t h e  
su r face  o f  mi r ro r  bronze,  t h e  r e f l e c t i n g  capac i ty  i s  decreased by an average 
of two times, and t h e  co r ros ion  of t h e  sur face  r e s u l t i n g  from t h e  a c t i o n  of  
20% NaOH a c t u a l l y  makes t h e  r e f l e c t i o n  of l i g h t  r ays  from t h e  s u r f a c e  impos- 
s i b l e .  
wi th  ac id .  
noted.  

A n i c k e l  f i l m  app l i ed  chemically a l s o  i s  r a t h e r  s t a b l e  t o  t h e  
- 

caused t h e  same nega t ive  r e s u l t s  a s  d i d  pores  i n  t h e  chromium 

The r e f l e c t i n g  capac i ty  of t h e  s t ee l  s u r f a c e  
Mirror 

AMg6L a l l o y  r e a c t s  s t r o n g l y  with a l k a l i  s o l u t i o n s  and r e l a t i v e l y  weakly 
Complete absence of r e f l e c t i n g  capac i ty  of t h e  corroded su r face  was 

Figure 1 .  Device f o r  Testing Ref lec t ing  Capacity 

The r e s u l t s  of t h e s e  experiments have allowed us  t o  determine t h a t  t h e  
most s u i t a b l e  o f  t h e  m a t e r i a l s  t e s t e d  f o r  t h e  manufacture of as t ronomical  
mi r ro r s ,  from t h e  s tandpoin t  of  corrosion r e s i s t a n c e ,  i s  a chromium coa t ing  on 
AMg6L a l l o y .  The nickel-phosphate  coat ing may a l s o  be  used, bu t  only when t h e  
surrounding a i r  has low a c i d  conten t .  However, pores  a r e  not  pe rmis s ib l e  e i t h e r  
on t h e  chrome o r  n i c k e l  su r f aces .  I t  should be noted t h a t  when t h e  working 
s u r f a c e  o f  an AMg6L a l l o y  mi r ro r  with a chromium o r  n i c k e l  coa t ing  i s  dealumin- 
a t ed ,  t h e  remaining p o r t i o n  o f  t h e  m i r r o r  should be c a r e f u l l y  p ro tec t ed  from 
t h e  a c t i o n  of  t h e  a l k a l i .  A 3Kh13 s t e e l  mi r ro r  i s  s t a b l e  t o  co r ros ion ,  bu t  
fo re ign  i n c l u s i o n s  and t h e  presence o f  s ec to r s  impoverished i n  chrome can 
cause co r ros ion  of t h e  working su r face .  Bronze mi r ro r s  are u n s a t i s f a c t o r y  
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, 
~ from a corrosion standpoint, which was the reason for the rapid darkening of 

astronomical mirrors made of this alloy in the past. 
aluminum-magnesium alloy are completely unacceptable without the usage of 
coatings. 

Mirrors made of AMg6L 

It should be noted in conclusion that the experiments were performed by 
us with the cooperation of Senior Engineer G. G. Lavrent'yeva. 

Mater i a 1 

TABLE 2. REFLECT I ON COEFFl C I ENT P , % 

So lu t i on  

- I--___ - X , W  Before 
3O/, I HCI 2 G o  ,, 1 I V  , 1 expe r- 

i men t NnCl i p H  2.6 N'nOH j N,.(:H 

3Khl3 s t e e l  
c 

m i r r o r  bronze 

e lect rochemical  
chrome coa t ing  ' 

n i c ke 1 - p h os p h a t e 
coat i ng 

f 

AMg6L a l l o y  

I 

660 I 26 i 

49.5 49 
55.5 33.5 

i s  
6" 5 

66 

42 
46.  s 
54 

0 
0 
0 

~ Translated f o r  the National Aeronautics and Space Administration under contract 
No. NASw-1695 by Techtran Corporation, P.O.  Box 729, Glen Burnie, Maryland 21061 
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